INTRODUCTION
============

Phosphorus is necessary for several, various biological roles in the signal transduction of cells and energy exchange of human body. About 80%--90% of phosphorus is founded in teeth and bones. Mineral balance is regulated by a complex interaction between gastrointestinal absorption, renal excretion and translocation between parts of the human body. The latter process is important during the fast changes of metabolism \[[@B1][@B2]\]. Impaired intestinal phosphate absorption, renal phosphate reabsorption, and phosphate metabolism can elevate serum phosphorus level \[[@B3]\]. Elevated serum phosphorus is suspected to elevate the risk of cardiovascular disease (CVD) through vascular calcification, myocardial fibrosis, and development of left ventricular hypertrophy \[[@B4][@B5][@B6]\].

Erectile dysfunction (ED) is a frequent problem that affects about 15% of men 40 to 50 years of age, 45% of men in their 60s, and 70% of men older than 70 \[[@B7]\]. In addition to being a distressing condition itself, ED is thought to be a harbinger of CVD and mortality. Organic ED and coronary artery disease (CAD) are closely related, as endothelial dysfunction leads to a restriction of blood flow \[[@B8][@B9]\]. ED and CVD share many common risk factors, such as age, hypertension, insulin resistance, increased body mass index (BMI), cholesterol, lower levels of high-density lipoprotein, and smoking \[[@B10][@B11][@B12][@B13][@B14]\]. Overall atherosclerotic processes affect arterial blood flow and lead to major pathophysiologic changes that contribute to both cardiovascular and peripheral vascular diseases, including ED \[[@B15]\]. There is a growing body of evidence that ED is a sentinel marker of subclinical CVD and likely precedes symptomatic CAD.

In light of these observations, we assessed whether serum phosphorus is associated with erectile function in middle-aged Korean men.

MATERIALS AND METHODS
=====================

1. Subjects
-----------

The proposal of our research was approved by the Institutional Review Board of National Police Hospital (No. 11100176-201608-HR-005). It is a cross-sectional study including 1,899 male police officers ranging from 40 to 59 years who entered in a prostate health screening between March and September 2013 at National Police Hospital. People who were taking drugs affecting prostate physiology, such as antiandrogens and 5-α-reductase inhibitors, who used phosphodiesterase-5 inhibitors daily or nutrients that might adjust mineral or bone metabolism, who had palpable nodules on the digital rectal examination, or who showed a high prostate-specific antigen (PSA) level (\>4.0 ng/mL) were not included in our study. Additionally, patients diagnosed with chronic kidney disease were excluded.

2. Questionnaire and blood samples including phosphorus measurement
-------------------------------------------------------------------

All subjects underwent a clinical checking using the IIEF-5 questionnaire translated into Korean. Blood samples were obtained to measure serum PSA, testosterone, and phosphorus between 7:00 [AM]{.smallcaps} and 9:00 [AM]{.smallcaps} after eight hours fasting. Total PSA was measured by an ABBOTT ARCHITECT i2000 analyzer using the Abbott ARCHITECT Total PSA assay (Abbott Laboratories, Slingo, Ireland). Serum testosterone was calculated by RIA (Parc Marcel Boiteux, Codolet, Cisbio Bioassays Inc., Codolet, France). Serum inorganic phosphorus was determined with a Hitachi 7600-020 (Hitachi Co., Tokyo, Japan) autoanalyzer using HRII Series P-HRII reagent (Wako Pure Cemical Industries Ltd, Osaka, Japan).

3. BPH assessment
-----------------

Certified version of the IPSS was served to participants to evaluate voiding symptoms. Prostate volume (PV) was measured by transrectal ultrasound (UltraView, BK medical, Copenhagen, Denmark), and digital rectal examination of prostate was also carried out.

4. Metabolic syndrome assessment
--------------------------------

Blood pressure was measured over twice (5 minutes apart) in the right arm using a digital blood pressure monitors, were averaged. Waist circumference was measured at the level of uppermost border of hipbones (iliac crest). Records of height and body weight were also collected. Blood was sampled at the same time of day (7:00--9:00 [AM]{.smallcaps}) in the 8 hours fasting state. Chemistry tests included measurements of serum glucose, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and triglycerides. Metabolic syndrome (MetS) was diagnosed in case of three or more of the National Cholesterol Education Program Adult Treatment Panel III for Asians criteria were confirmed \[[@B16]\].

5. Statistical analysis
-----------------------

First, one-way analysis of variance tests were assessed to compare the differences in IIEF-5 scores according to other factors, such as age, BMI, testosterone level, PSA, phosphorus, and PV. Chi-square or Fisher exact test were performed to compare the differences in IIEF-5 scores according to the MetS. Second, all subjects were analyzed the simple relationships between IIEF-5 and age, phosphorus, BMI, testosterone, PSA, and PV by the Spearman correlation test. Third, we tested the relationship between IIEF and phosphorus, PV after adjusting for age, testosterone, and MetS using multiple linear regression. Finally, univariate and multivariate logistic regression analyses were underwent to confirm the significance of age, PSA, testosterone, phosphorus, BMI, PV, and MetS as predictors of significant ED (IIEF-5 score ≤11).

The variables were considered statistically significant when p\<0.05. We used the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) for statistical analyses.

RESULTS
=======

1. Patient characteristics according to IIEF-5 degree
-----------------------------------------------------

The clinical characteristics of the 1,899 men are summarized in [Table 1](#T1){ref-type="table"}. The median value of age, testosterone, and phosphorus were 53.0 years, 4.58 ng/mL, and 3.50 mg/dL, respectively. The median BMI was 24.8 kg/m^2^, and 33.5% of all patients had MetS. The median IIEF-5 score was 18. To analyze differences in erectile function according to many clinical factors, we divided questionnaire groups into 3 subgroups by the degree of severity ([Table 1](#T1){ref-type="table"}). In the results, patients with moderate to severe ED had relatively older age, higher phosphorus level, and larger PVs than other two groups (p\<0.001, p=0.004, p=0.002, respectively). Other continuous variables were insignificantly different between the three groups. And, moderate to severe ED patients had a higher prevalence of MetS (p=0.021) than other groups.

2. Correlations between IIEF-5 and clinical factors
---------------------------------------------------

This findings of the statistical analyses are shown in [Table 2](#T2){ref-type="table"}. Significant correlation was not found between IIEF-5 and BMI (r=--0.031, p=0.189), testosterone (r=0.033, p=0.148), or PSA (r=--0.007, p=0.769). IIEF-5 was revealed to have a positive correlation with PV (r=--0.065, p=0.004). In addition, age (r=--0.238, p\<0.001) and phosphorus level (r=--0.108, p\<0.001) were significantly related to IIEF. Serum phosphorus level had the highest correlation with IIEF-5 except age, followed by PV.

However, as shown in [Table 3](#T3){ref-type="table"}, phosphorus and PV were not significantly correlated with IIEF after adjusting for age. The relationship of IIEF-5 with phosphorus and PV remained insignificant after adjusting for other confounding factors (testosterone and MetS).

3. Predictive variables for moderate to severe ED (logistic regression analysis)
--------------------------------------------------------------------------------

Phosphorus, age, and MetS were found to be predictors for moderate to severe ED in the univariate analysis (p=0.007; OR, 1.108; 95% CI, 1.180--1.137; p\<0.001; OR, 1.125; 95% CI, 1.093--1.159; and p=0.010; OR, 1.372; 95% CI, 1.078--1.745, respectively). And, testosterone, PSA, BMI, and PV were not predictive factors for ED. Phosphorus, age, and MetS were independent predictive factors for moderate to severe ED (p=0.048; OR, 1.101; 95% CI, 1.076--1.131; p\<0.001; OR, 1.119; 95% CI, 1.086--1.153; and p=0.048; OR, 1.283; 95% CI, 1.003--1.641, respectively) in the multivariate analysis ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

In this study, we demonstrated that phosphorus is significantly related to IIEF. Serum phosphorus level had the highest correlation coefficient with IIEF-5, and the severity of ED was greater in patients with elevated phosphorus levels. In the multivariate analysis, we also found that age, MetS, and phosphorus are independent predictive factors of moderate to severe ED.

The IIEF is, today, one of the most commonly used forms for men presenting with sexual complaints. On the IIEF, ED is classified from mild to severe \[[@B17]\]. To date, this is the first research to study the association between phosphorus and ED. It is also the first study to evaluate that association using IIEF score and a detailed prostate work-up. Even after multivariate logistic regression analysis including traditional ED confounding factors, we revealed that phosphorus is a meaningful predictive factor of severe ED.

In previous *in vitro* studies, hyperphosphatemia leads a phenotypic converting vascular smooth muscle cells to osteoblast-like cells that generate biochemical markers of bone lineage, for example, Runx2, creating calcification \[[@B18]\]. Furthermore, excessive phosphorus diet has been appeared to induce endothelial dysfunction in young age, and a phosphorus-enriched medium induces bovine aortic endothelial cells to generate greater amounts of reactive oxygen species \[[@B19]\]. One nephrology study group \[[@B5]\] revealed that higher serum phosphorus level, even in the normal range, had independent association with the occurrence of coronary vessel calcification fifteen years later in young adults with normal renal function. Recently, in Korea, one study group demonstrated that a higher phosphorus concentration, even within a normal value, may be related with higher coronary vessel calcification in healthy adults, and the effects did not change given racial or regional difference \[[@B20]\]. Except in cases with CAD, Yao et al. \[[@B21]\] said that high phosphorus level causes calcification in great vessel through the influence of β-catenin in subjects with chronic kidney disease. Recent evidence has proposed that the serum phosphorus is associated with clinical and subclinical CVD in the normal population and it may differ by gender \[[@B22][@B23]\]. In addition, high serum phosphorus levels had an association between carotid intima-media thickness and CVD risks in males, but not in females \[[@B22][@B23]\]. This relationship may be related to declines in endogenous estradiol that occur during the menopausal transition in women. In a large cohort of community-living Italians, Cirillo et al. \[[@B24]\] demonstrated that at the age 45--50 years, there was a significant increase in serum phosphorus and a comparable decrease in urinary phosphorus excretion in females, but not males. And, in a large population of older men, serum estradiol levels and phosphorus levels were inversely correlated, independent of kidney function, vitamin D levels, parathyroid hormone concentration, and bone density \[[@B25]\].

Vascular calcification and endothelial dysfunction are both related to the atherosclerotic process, and obstruction of atherosclerotic sites are closely associated with calcifications of vascular endothelium \[[@B26]\]. There are several hypotheses on the pathophysiology of ED as a sentinel marker of vascular dysfunction. The artery size hypothesis stipulates that ED is an early symptom of systemic atherosclerosis \[[@B27]\]. Assuming that atherosclerosis progresses in all major vascular beds at a relatively similar pace, those authors argued that symptoms will manifest earlier in the smaller arterial branches such as the penile artery rather than in the larger vessels of the heart and limbs, which are able to better tolerate the same degree of atherosclerosis or obstruction \[[@B27]\]. In accordance with this hypothesis, Rogers et al. \[[@B28]\] found that the degree of stenosis in the internal pudendal arteries was similar to that found in the coronary artery (52% to 65%) and that the average diameter of the internal pudendal artery was just slightly smaller than the average diameter of the coronary artery. Hamur et al. \[[@B29]\] reported that CAD may increase as the severity of ED increases. This also implies that the increased atherosclerotic plaque burden in patients with stable CAD is systemic and may be associated with endothelial dysfunction, especially when the fact that patients with severe ED and stable CAD may have high Syntax scores is taken into account. In clinical practice, phosphorus levels in men are not routinely measured prior to a health work-up and treatment. In view of this point, our study underlines the usefulness of serum phosphorus measurement in the health screening process as a predictor of ED.

This study has some limitations. First, it has the disadvantages inherent in a retrospective design. Therefore, this study was not including the various factors affecting erectile function in men such as insulin-like growth factor-1, several cytokines, and C-reactive protein. Second, the cross-sectional design rules out the evaluation of causality and may have temporality among the variables. Third, our study cannot rule out the possibility that outcomes were affected by phosphorus intake and, consequently, that personal dietary habits might disrupt the relation between phosphorus levels and morbidity rates. Finally, in this study, we did not observe the vitamin D and parathyroid related parameters.

However, our sample size was relatively large and mostly homogeneous. And it did not include subjects with chronic kidney disease. We also excluded subjects who were taking drugs affecting prostate physiology, who used phosphodiesterase-5 inhibitors daily or nutrients that might adjust mineral or bone metabolism. There have been no reported cross-sectional studies evaluating the role of phosphorus as a predictive factor of ED. We suggest that serum phosphorus level is a nontraditional potential risk factor of ED in the healthy men. In modern society, we tend to intake less of natural meal and more of processed it. Processed foods usually have high-phosphate additives and may affect phosphate intake more than recommended amounts \[[@B30]\]. Known harmful effects of a high-phosphate diet on the body is not enough to be well understood. Given the increasing evidence of relationship between phosphorus and several metabolic diseases, prospective well-designed studies are required. In that study, interventions reducing phosphate intake, such as restriction of dietary phosphorus and adjustment of food additives, have to be included. They can reduce the rates of metabolic diseases including ED in high-risk patients or in the healthy population in the future. Nowadays, there are no established guidelines for serum phosphorus intake in the general population. Managing the causes of increased serum phosphorus and thereby correcting elevated serum phosphorus levels in individuals may be a relevant therapeutic target in preventing the excess risk of ED. Future studies, however, should confirm the causality of the relationship between the simultaneous existence of serum phosphorus and the risk of ED. In addition, basic research into all types of minerals and ED merits further investigation.

CONCLUSIONS
===========

Age, MetS, and phosphorus levels are significantly associated with ED. We found that, in clinically stable middle-aged men, serum phosphorus was strongly associated with ED. And, recommended serum phosphorus levels could be different for males than for females. Given this finding, handling of phosphorus in men may have a particular meaning of reducing the risk of ED.

This study was supported by a Korean National Police Hospital Grant.

**CONFLICTS OF INTEREST:** The authors have nothing to disclose.

###### Patients\' characteristics according to IIEF-5 degree (n=1,899)

![](icu-57-442-i001)

  Variable                    No or mild (17--25)   Mild to moderate (12--16)   Moderate to severe (≤11)   p-value
  --------------------------- --------------------- --------------------------- -------------------------- ---------
  Age (y)                     51.4±4.8              52.8±4.3                    54.0±4.0                   \<0.001
  Body mass index (kg/m^2^)   24.8±2.4              25.1±2.4                    25.0±2.6                   0.151
  Testosterone (ng/mL)        4.8±1.4               4.6±1.3                     4.7±1.4                    0.088
  PSA (ng/mL)                 0.96±0.95             0.96±0.76                   1.00±1.28                  0.726
  Phosphorus (mg/dL)          3.40±0.46             3.50±0.44                   3.71±0.50                  0.004
  PV (cm^3^)                  23.9±6.8              25.2±7.0                    24.4±7.1                   0.002
  MetS                        341 (31.4)            159 (34.0)                  136 (39.4)                 0.021

Values are presented as mean±standard deviation or number (%).

IIEF-5, International Index of Erectile Function-5; PSA, prostate-specific antigen; PV, prostate volume; MetS, metabolic syndrome.

###### Spearman correlations of IIEF-5 score with age, phosphorus, testosterone, PSA, and PV

![](icu-57-442-i002)

  Variable          Phosphorus           BMI              IIEF-5                Testosterone          PSA                  PV
  ----------------- -------------------- ---------------- --------------------- --------------------- -------------------- --------------------
  Age               0.155^†^ (\<0.001)   −0.026 (0.260)   −0.238^†^ (\<0.001)   0.065^\*^ (0.004)     0.100^†^ (\<0.001)   0.215^†^ (\<0.001)
  Phosphorus                             −0.010 (0.673)   −0.108^†^ (\<0.001)   −0.061 (0.008)        0.010 (0.673)        −0.016 (0.008)
  Body mass index                                         −0.031 (0.189)        −0.158^†^ (\<0.001)   −0.044 (0.062)       0.210^†^ (\<0.001)
  IIEF-5                                                                        0.033 (0.148)         −0.007 (0.769)       −0.065^\*^ (0.004)
  Testosterone                                                                                        0.077^\*^ (0.001)    0.006 (0.800)
  PSA                                                                                                                      0.335^†^ (\<0.001)

Values are presented as correlations coefficient (p-value).

IIEF-5, International Index of Erectile Function-5; PSA, prostate-specific antigen; PV, prostate volume.

^\*^p\<0.005. ^†^p\<0.001.

###### Multiple linear regression test of IIEF-5 score with phosphorus level and prostate volume

![](icu-57-442-i003)

  Variable          IIEF-5           
  ----------------- -------- ------- -------
  Phosphorus                         
   Model 1          0.035    0.303   0.115
   Model 2          0.039    0.304   0.087
   Model 3          0.041    0.304   0.071
  Prostate volume                    
   Model 1          0.006    0.021   0.778
   Model 2          0.007    0.021   0.761
   Model 3          0.012    0.021   0.607

IIEF-5, International Index of Erectile Function-5; MetS, metabolic syndrome; model 1, adjusting for age; model 2, adjusting for age and testosterone; model 3, adjusting for age, testosterone, and MetS.

###### Logistic regression analysis predicting the moderate to severe erectile dysfunction (IIEF-5≤11)

![](icu-57-442-i004)

  Variable                      Univariate   Multivariate                                    
  ----------------------------- ------------ -------------- -------------- --------- ------- --------------
  Age                           \<0.001      1.125          1.093--1.159   \<0.001   1.119   1.086--1.153
  PSA                           0.430        1.045          0.936--1.167   \-        \-      \-
  Testosterone                  0.642        0.980          0.902--1.066   \-        \-      \-
  Phosphorus                    0.007        1.108          1.080--1.137   0.048     1.101   1.076--1.131
  Body mass index               0.506        1.017          0.968--1.067   \-        \-      \-
  Prostate volume               0.789        1.002          0.986--1.019   \-        \-      \-
  MetS (non-MetS^a^ vs. MetS)   0.010        1.372          1.078--1.745   0.048     1.283   1.003--1.641

IIEF-5, International Index of Erectile Function-5; OR, odds ratio; CI, confidence interval; PSA, prostate-specific antigen; MetS, metabolic syndrome.

^a^:Reference value.
